Most previous reports on endocrine disorders in children with shunted hydrocephalus describe individual cases of sexual precocity.'
Close to 10% of the children with shunted hydrocephalus studied by Kaiser et al (8/90 patients) developed sexual precocity.4 Precocious puberty has especially been observed in patients with meningomyelocele, but Mayer and Landau found that 52 patients out of 79 with this disease had associated hydrocephalus' and 6% of these had precocious puberty (3/52), raised basal oestradiol and testosterone, and raised peak luteinising hormone (LH) and follicle stimulating hormone (FSH) responses to gonadotrophin releasing hormone (GnRH). The prevalence of cryptorchidism among boys with meningomyelocele was observed to be 15% (7/45) . In another survey all 45 patients with meningomyelocele had hydrocephalus, 6 and the various stages of puberty were reached earlier than expected, indicating that puberty advances more rapidly in children with this disease. Precocious puberty was observed in 4% of the patients (2/45) and cryptorchidism in one quarter of the boys. The age at menarche varied from 9.4 to 11.9 years (n=4).
Since most previous reports on precocious puberty in children with hydrocephalus concern mainly meningomyelocele patients, there is a lack of information on the average timetable of sexual maturation in hydrocephalic children and adolescents with an aetiology other than meningomyelocele. We report here on pubertal development, age at menarche, and gonadotrophin and sex hormone concentrations in 114 patients with shunted hydrocephalus in comparison with 73 healthy controls.
Methods

SUBJECTS
The initial series comprised 212 Lopponen, Saukkonen, Serlo, Tapanainen, Ruokonen, Knip their controls, except that the male prepubertal patients had an increased waist-hip ratio. The pubertal patients were shorter than their controls, had an increased relative weight, especially the females, and an increased waisthip ratio and body fat mass. The pubertal female patients had also a higher BMI than the control girls. Gonadal development occurred on an average earlier in the hydrocephalic males than in the controls (Tanner G2-5), the same trend being seen for pubic hair (Tanner PH2-6) (fig 1) Only two male patients (3.2%; 2/62) were between the two groups was not significant found with a unilateral undescended testis, one (4.3 U/I (1.9 to 6.6) v 2.9 U/I (-0.9 to 6.8); of whom was a 6 year old boy with meningo-p=0.08). SHBG concentrations tended to be myelocele, who had congenital anorchia on the lower in the pubertal and postpubertal girls other side. Another 5 year old boy with menin-with hydrocephalus than in the controls, while gomyelocele also had unilateral anorchia. Thus the FAI tended to be higher. There were no the prevalence of congenital anorchia among differences in oestradiol or testosterone conthe males with meningomyelocele was 33.3% centrations between the patients and controls, (2/6) . A third male patient had a unilaterally nor were there any statistically significant hypoplastic testis. None of the control boys differences in gonadotrophin, sex hormone, or (n=38) had undescended testes or anorchia. SHBG concentrations between the pubertal Two hydrocephalic boys who had been and postpubertal boys with hydrocephalus and shunted at under 1 year of age (aged 10.8 and their controls. 15.9 years at the final evaluation) had commuBased on retrospective data there were five nicating hydrocele diagnosed for the first time patients with true precocious puberty in this at this clinical examination and subsequently population (table 6), giving a frequency of treated surgically. Both of them had a ventricu-4.4% (5/114). Two of these were boys. loperitoneal shunt.
The prepubertal girls with hydrocephalus Discussion had significantly higher basal FSH, LH, and The relation between pubertal development SHBG concentrations than the control girls and chronological age has been evaluated pre-(table 4), while the prepubertal boys had viously in hydrocephalic patients with meninsignificantly higher LH concentrations than gomyelocele,6 but not in subjects with hydrothe control boys but no other statistically cephalus of other aetiologies. We observed in significant differences in endocrine variables.
this cross sectional study that pubic hair develBasal FSH in pubertal and postpubertal oped significantly earlier in the hydrocephalic hydrocephalic girls was significantly higher patients than in the controls and that genital than in control girls (table 5). The female development in the males also occurred signifipatients had increased FSH concentrations, cantly earlier. The age at menarche varied from 9.4 to 11.9 years in the girls with meningomyelocele examined by Greene et al,6 but the number of menstruating girls in that series was smallonly four. Dalton and Dalton studied the mean age at menarche in 37 girls with neural tube defects20 and obtained a figure of 10.5 years, but there is no information on how many of these girls had hydrocephalus as well. The other groups of girls included were ones with asthma, cerebral palsy, epilepsy, retinoblastoma, and other chronic diseases, and their mean ages at menarche varied from 10.8 to 13.5 years. Thus it was the girls with neural tube defects who had the youngest mean age at menarche in that survey.
The mean age at menarche among Finnish girls in general in 1982 was 13.3 years, while that of their mothers had been 13.6 years.2' There has been a secular trend towards an earlier menarche over the past century, with a decrease of about 3-4 months per decade, and the average age at menarche in the United Kingdom, for example, is currently 12.8 years.22 The present hydrocephalic girls, however, experienced their menarche an average of 1.5 years earlier than the control girls and 1.5 years earlier than their mothers, confirming that factors other than genetic ones are responsible for the earlier manifestation of the menarche in girls with hydrocephalus.
What factors determine the age at menarche? Numerous phenomena act in combination, including genetic influences, socioeconomic conditions, general health and wellbeing, nutritional status, and regular, intensive physical exercise, since athletics, gymnastics, and ballet, for instance, have been associated with delayed maturation and menarcheal age.22 The genetic impact does not seem to be crucial in the present series, and the same general health and wellbeing may be said to apply to both the patients and the controls. Likewise, there were no subjects in either group who took part in competitive sports. In terms of nutritional status, the pubertal hydrocephalic girls had a significantly greater relative weight than the control girls.2' Adipose tissue is an important source of oestrogen, and its amount has an influence on oestrogen metabolism. There is a hypothesis concerning a threshold weight for height and a critical proportion of body fat required before the 22 menarche can occur. A change in body composition is known to occur during the adolescent growth spurt, so that the ratio of lean body weight to fat is on an average 5:1 at the initiation of the growth spurt and decreases to 3:1 before the menarche, when about 22% of the body weight is fat. We calculated the ratio of lean body weight to fat in the prepubertal hydrocephalic girls relative to that in the controls and could not detect any differences in this or in age, weight, or relative weight, whereas the pubertal and postpubertal hydrocephalic girls had a higher absolute and relative weight2" and their lean body weight ratio to fat was lower, although their mean age did not differ from that of the control girls. Overweight becomes more severe later in puberty, however, and accordingly it can hardly explain the younger age at menarche alone.
Previous reports on pubertal development in patients with hydrocephalus concern mainly girls, but the present series also included boys and compared them with age matched controls, upon which the patients were found to have significantly larger relative testicular volumes. The number of male patients with anorchia, hypoplastic testis, cryptorchidism, and communicating hydrocele indicates that the genitalia of boys with hydrocephalus should be examined initially at diagnosis and subsequently at regular intervals, especially in cases with ventriculoperitoneal shunts.
An increase in pulsatile LH secretion plays a crucial role in the induction of puberty, and circulating LH concentrations are a sensitive indicator of pubertal development. 24 The emergence of regular daytime LH pulses is closely related to the onset of breast development in girls25 and there is also an increase in LH pulse frequency associated with the initiation of puberty in boys. 25 The present prepubertal children with hydrocephalus were found to have higher basal gonadotropin concentrations, particularly LH levels, than the controls, indicating a central stimulus before any clinical sign of puberty can be detected. Pubertal female patients had increased FSH concentrations, especially in the postovulatory period.
Neely et al have shown in a recent study2" that spontaneous serum gonadotropin concentrations are more specific for the evaluation of precocious puberty than stimulated LH and FSH concentrations.
Gonadotropin releasing hormone (GnRH) is secreted mainly from the medial basal hypothalamus in episodic bursts into the hypothalamic-pituitary portal system and thereby to the anterior pituitary. The variation in the frequency of its pulsatile secretion affects the amount of LH and FSH released. The postnatal decrease in gonadotropin secretion during childhood before the onset of puberty, the juvenile pause, appears to be mediated by the central nervous system (CNS). Damage to the CNS may release the inhibition and bring about premature pubertal development. 28 The reasons for the increased gonadotropin secretion in the prepubertal patients with hydrocephalus remain to be defined, but one can assume that it may be due to increased intracranial pressure or unphysiological variations in this pressure. There was a significant correlation between the number of shunt revisions and relative testicular volume in hydrocephalic males. The relative testicular volume was also larger in those prepubertal male patients who had shunt revisions associated with increased intracranial pressure, and the enlargement of the testes is the first sign of puberty in males.
Although SHBG concentrations were higher in the prepubertal patients with hydrocephalus than in the controls, the present data do not provide information on whether this is a primary phenomenon or secondary to enhanced gonadotropin secretion. In the latter case they would reflect an attempt to counter-act the effects of increased peripheral gonadotropin concentrations by reducing the circulating concentrations of free sex hormones.29 If primary, the high SHBG in combination with decreased free sex hormone concentrations may stimulate pituitary gonadotropin release and by that mechanism contribute to the induction of early puberty. Accelerated sexual maturation would then result in decreased concentrations of SHBG in pubertal subjects with hydrocephalus. Another factor contributing to low SHBG in such subjects is the increased frequency of obesity among them. 23 The prevalence of precocious puberty observed here was of the same magnitude as in previous reports.1 -5 In addition, several patients were identified with early puberty that did not fulfil the criteria of true precocious puberty.
The results show that patients with hydrocephalus experience early puberty, which is reflected in an early menarche in girls and an increased testicular volume in boys. This accelerated physical maturation does not seem to be due to genetic factors. Based on our observations, one can speculate that the increased gonadotropin concentrations observed especially in prepubertal patients may be a consequence of unphysiological increases or decreases'0 in intracranial pressure.
